A new exopolysaccharide, secreted in addition to cellulose, has been isolated from the culture medium of Acetobacter sylinuni NRRL B42. This polysaccharide, for which the name acetan is proposed, contains glucose, mannose, glucuronic acid and rhamnose in a molar ratio of 4 : 1 : I : 1. On the basis of methylation, thin-layer, paper and gas-liquid chromatography, paper electrophoresis and mass spectrometry studies of the degradation products obtained by total and partial hydrolysis and acetolysis of acetan, the following structure is proposed for its repeating u?it:
addition, the internal mannose of xanthan gum is acetylated at position 6 and about half of the external mannoses contain a 4-6 pyruvic ketal residue (Jansson et al., 1975; Melton et al., 1976; Sandford et al., 1977) . In spite of the complexity of the two polysaccharides, they have the same basic structure: both can be considered to be 'substituted celluloses' as both contain a p-1,4glucose main chain. For the A . xylinum product the name acetan is proposed. The following study is mainly a comparative one in which acetan fragments are compared to oligosaccharides obtained by partial degradation of the A . xylinum heptasaccharide diphosphate prenol and xanthan gum.
Gas-liquid chromatographv/mass spectrometry (GLC-MS). The samples containing partially methylated sugars were fractionated by TLC with solvent F. Several plates were run simultaneously and one of them was developed to locate the different components. The apropriate areas in the other plates were scraped off and the pooled silica powder extracted three times (0.5 ml each) with chloroform/methanol (1 : 1, v/v). The purity of each component was checked by running a portion in the same TLC system. The corresponding alditol acetates, prepared as described above, were analysed with a Varian Aerograph series 1400 gas chromatograph, coupled to a Varian Mat model CH7A mass spectrometer equipped with a Varian model V76 data processor. A glass column (120 x 0.2 cm) packed with 3% ESCNSS-M on Chromosorb Q was used with He as the carrier gas.
Enzyme treatments. The reaction mixture for degradation with /I-glucuronidase from bovine liver (Sigma) contained : 10 pmol sodium acetate buffer pH 4.5. the oligosaccharide under study and 25 pg (1 6-4 units) of enzyme in a total volume of 0.1 ml. Incubations were performed at 37 "C. under a toluene atmosphere, for 14 h. Reactions were ended by adding I vol. ethanol. The supernatant was brought to dryness and analysed by paper electrophoresis with solvent A.
Treatments with a-mannosidase from Jack bean (Sigma, type 111. 0.65-1.3 units) were carried out in 50 mMsodium citrate buffer pH 4.5 (total volume 0.05 ml) at 25 "C for 18 h. The reactions were ended by adding 1 vol. ethanol and the supernatants were desalted on Amberlite MB-3 (acetate form). With this enzyme preparation pnitrophenyl a-mannoside (0.25 pmol) was completely hydrolysed in a 30 min incubation while the P-anomer was not degraded even after overnight treatment.
Sugar determination. Total carbohydrate was determined by the phenol/sulphuric acid method (Smith & Montgomery, 1956) , rhamnose according to Dische & Shettles (1948). uronic acids as described by Blumenkrantz & Asboe-Hansen (1973) , and glucose with glucose oxidase (Lloyd & Whelan, 1969) . Acetate was measured by the method of Hestrin (1949) and pyruvate by the Sloneker & Orentas method as modified by Sutherland (1969) .
Chemicals. The disaccharides [ l-'C]GlcA(fil -2)Man and Glc(a! -4)[ ' TIGlcA were prepared by partial hydrolysis and partial acetolysis, respectively, of the hexasaccharide Glc(~l-6)Glc(al-4)[14C]GlcA(~1-2)Man (al-3)Glc(/?l-4)Glc obtained in citro by using an A . xylinum enzyme preparation (Couso et al., 1982) .
The trisaccharide Man(al-3)Glc(/Il-4)Glc. IT-labelled in either the mannose or the glucose moieties, was prepared as described, using either A. xylinum (Couso et al., 1980) or X . campestris enzymes (Ielpi et al., 1981) .
[14C]Glucose-labelled xanthan gum was synthesized in iitro (Ielpi et a/., 198 1 Lawson & Symes (1977) . Maltose, sophorose, gentiobiose or laminaribiose were first methylated and then acid hydrolysed for preparing tetra-and the respective tri-0-methyl-glucose derivatives. Diand mono-0-methyl substituted glucoses were purchased from Supelco. 2,6,-Di-O-methyl[ 14C]glucose was obtained by methylation of [lJC]glucose-labelled xanthan gum. 3.4,6-Tri-0-methyl[14C]mannose was kindly provided by G . Lederkremer. 2,3,4.-Tri-0methylrhamnose and 2,3,4,6-tetra-0-methylmannose were prepared from the free sugars.
RESULTS

Sugar composition
The acetan was isolated and purified and the purity of the polysaccharide was checked by gel filtration. The phenol/sulphuric-positive material was excluded as a single peak from Sephadex G-100 and Bio-Gel A-1.5 m columns and included in a Bio-Gel A-5 m column, indicating an apparent M, of about 2 x lo6 (data not shown).
Total acid hydrolysates were analysed by paper chromatography with solvents D and E, which showed the presence of glucose, mannose. rhamnose and uronic acid. The latter was identified as glucuronic acid by paper electrophoresis with buffers A and B and by GLC of the respective reduced alditol acetate (Jones & Albersheim, 1972) . GLC of the total acid hydrolysate confirmed the presence of glucose, mannose and rhamnose. Rhamnose and glucuronic acid were measured in the intact polysaccharide and in the acid hydrolysate (Table 1) . Glucose was assayed only in the acid hydrolysate. The glucose/mannose ratio was measured by GLC of the respective alditol acetates (Table I) , a technique that gives low values for the rhamnose derivative (Lindberg, 1972) . All these results taken together indicated that acetan contained glucose, mannose, glucuronic acid and rhamnose in the molar ratio 4 : 1 : 1 : 1 (Table I), identical to that found for the heptasaccharide diphosphate prenol synthesized in iiitro by A . xylinum preparations (Couso et al., 1982) . In the intact polysaccharide glucuronic acid and rhamnose were determined as described by Blumenkrantz & Asboe-Hansen (1973) and Dische & Shettles (1948). respectively. After acid hydrolysis in 1 M-HCI, glucuronic acid and rhamnose were determined as above. and glucose was assayed with glucose oxidase. The molar ratios are arbitrarily referred to glucuronic acid. The alditol acetates prepared from acid hydrolysates were trdctionated by GLC. The peak areas were compared, assigning a value of 4 to the glucose peak. Met h j h t ior I studies Permethylated acetan, hydrolysed and analysed by TLC, generally produced five compounds ( Fig. 3) . They had the mobilities of 2,6-di-O-methylglucose, 2,3,4-tri-O-methylglucose, 2,3,6-tri-0-methylglucose, 3,4.6-tri-O-methylmannose and 2,3,4-tri-O-methylrhamnose, indicating that a glucose was branched at positions 3 and 4 and that rhamnose was the only terminal sugar, in agreement with the proposed structure ( Fig. 1 ). These products also showed that in the original polysaccharide there are glucose residues monosubstituted at positions 4 and 6, and mannose residues substituted at carbon 2. The identity of all these methylated compounds was confirmed by GLC-MS of the respective alditol acetates (not shown). Xanthan gum submitted to the same procedure produced a similar pattern (Fig. 3) ; the main differences were the absence of 2,3,4tri-0-methylrhamnose and 2,3,4-tri-O-rnethylglucose and the presence of 2,3-di-O-methyImannose, almost hidden by the strong 2,6-di-O-rnethylglucose band.
Occasionally, a sixth compound, with the mobility of 2,3,4,6-tetra-O-methyImannose, was detected among the acetan permethylation products ( Fig. 3 , band 3). Its presence was attributed to a cleavage of the glucuronic-mannose linkage generating a terminal mannose, as already reported for the permethylation of xanthan gum (Jansson et al., 1975) and mucoran, since polysaccharides containing uronic acid residues substituted at C-4 may be extensively degraded during methylation (Bartnicki- Garcia & Lindberg, 1972) . The presence of methylated glucuronic acid was determined in a different way. Permethylated acetan was reduced with b~ro[~H]hydride in order to convert the glucuronate methyl ester residue into the [6-3H]glucose derivative. The tritiated polysaccharide was permethylated again, acid hydrolysed, and analysed by TLC as before (Fig. 4) . In addition to the radioactivity at the origin, a peak was detected coincident with the spot of 2,3,6-tri-Omethylglucose, indicating that in the non-reduced acetan, glucuronic acid was substituted at carbon 4, as proposed ( Fig. 1 ).
Partial degrudation of' acetan
To ascertain the sequence in which the different sugars were linked and knowing the positions at which they were substituted, efforts were made to obtain oligosaccharides that were easy to characterize. Previous work on the structure of the heptasaccharide diphosphate prenol had shown that some of the glycosidic linkages were easily broken by acid hydrolysis but resistant to acetolysis and vice versa, producing in each case disaccharides of known structure ( Fig. 1)  (Couso et a/., 1982) . The same procedures were then applied to acetan and the compounds obtained compared with known standards. . The hydrolysis products were submitted to paper electrophoresis with buffer A to isolate the charged compounds. The paper was cut lengthwise (broken line in a ) and the narrower strip developed for sugars to locate the different bands, which were eluted from the broad strip.
[ 14C]Glucuronic acid(g1-2)mannose from hexasaccharide prepared in r i m (see Methods) and unlabelled standards were run in a parallel strip (h). Partial acid hydrolysis. The products of partial acid hydrolysis of acetan were analysed by paper electrophoresis with buffer A, and five bands were observed ( Fig. 5 0 ) : one was neutral (band 0) and four were negatively charged (A, B, C and D). Compound D was consistent with free glucuronic acid and compound C migrated like the [ 15C]glucuronic acid-mannose standard (RtlhlP = 0.9, Fig. 56 ). Compound C was further characterized by paper chromatography (solvent D) where it co-migrated with ['JC]glucuronic acid-mannose ( RGlc = 0.5) and, after reduction with sodium borohydride, with ['-'C]glucuronic acid-mannitol (RGlc = 0.6). Also, treatment with P-glucuronidase released mannose and glucuronic acid as the only sugar residues. Therefore, compound C was identified as the disaccharide glucuronic acid(fl1-2)mannose (compound IV, Fig. l) , since TLC of the mannose derivative of the acetan permethylation products as well as the mass spectrum of the respective alditol acetate indicated that mannose was substituted at position 2 (rather than at position 6 as previously reported for the heptasaccharide diphosphate prenol precursors synthesized in citrosee Discussion). Compounds A and B, which were probably larger oligosaccharides, were not characterized.
The neutral band ( Fig. 5 0 , band 0) was resolved into six bands upon paper chromatography with solvent D: three corresponded to glucose, mannose and rhamnose, respectively, and a fourth had the same mobility as gentiobiose (compound 11, Fig. I ). Permethylation of this last compound followed by strong acid hydrolysis yielded two partially methylated residues, 2,3,4tri-0-methylglucose and 2,3,4,6-tetra-0-methylglucose, as judged by TLC with solvent F. The identification of the fourth band as gentiobiose was confirmed by paper electrophoresis with buffer B ( Rciic = 0.60, identical to authentic gentiobiose) and by paper chromatography with solvent D and paper electrophoresis with buffer C of the borohydride-reduced material: in both systems it behaved as gentiobiitol ( R , , , , = 0.63 and Rsorb = 0.76, respectively).
Relatively large amounts of acetan (I00 mg) were submitted to partial acid hydrolysis, to enable cellobiose (compound 111, Fig. I ) to be detected in this neutral band 0. The eluted band, with [ ''C]cellobiose added as internal standard, was chromatographed with solvent D as before. The radioactive area which partially overlapped the gentiobiose band was eluted, reduced with NaBH, and submitted to paper electrophoresis with buffer C. The main band co-migrated with the radioactive cellobiitol ( Rsorb = 0.33) and was clearly distinguished from gentiobiitol ( Rzorb = 0.76), also present. A sample of the polysaccharide (7 mg) was acetolysed at 63 "C for 2 h, as described by Kocourek & Ballou ( 1969) . The products were analysed by paper electrophoresis with buffer A and located as indicated in the legend to Fig. 5 (part a) . Unlabelled standards and a sample of authentic glucose(a1 -4)['JC]glucuronic acid were run in a parallel strip (part b).
Partial acetolpis. (i) Characterization oj'compound V . Partial acetolysis of the heptasaccharide synthesized in Idtro produced only two charged compounds: glucuronic acid and a disaccharide characterized as Glc(a1-4)GlcA (compound V, Fig. 1) (Couso et al., 1982) . The same substances were observed when acetan was acetolysed under identical conditions.
The acetolysis products, upon paper electrophoresis with buffer A, consisted of a neutral and two negatively charged bands (Fig. 6u) . The faster-moving band ran as glucuronic acid and its identity was confirmed by paper chromatography with solvents D and E whereas the slowermoving band (compound V) had the same mobility as the glucose (ar1-4)[14C]glucuronic acid standard (RL!h,P = 0.9, Fig. 6h ). Compound V also co-chromatographed with this standard in solvent D (RGlc = 0.50) and upon paper electrophoresis with buffer C (Rsorb = 0.8). In the latter system, ttorohydride-reduced compound V behaved as glucose(a 1 -4)[ 4C]glucuronitol (Rsorh = 1.16). Finally, total acid hydrolysis of compound V liberated only glucose and glucuronic acid.
(ii) Characterization ofcompounds VI arid V N . Acetolysis of acetan under milder conditions at 20 "C for 48 h (Lawson & Symes, 1977) led to the isolation of two neutral trisaccharides containing mannose and glucose. One was branched and was characterized as glucose(/ll-4)-[mannose(al-3)]-glucose (compound VI, Fig. I ) ; the other was linear and identified as mannose(al-3)glucose(~l-4)glucose (compound VI1, Fig. 1 ). The branched trisaccharide VI was characterized as follows. The acetolysis products were separated by paper electrophoresis with buffer A and the neutral band was recovered and paper chromatographed with solvent D. In this system, several bands were observed, but only the one running in the trisaccharide area (compound VI) next to an internal standard of the linear trisaccharide [ 14C]mannose(orl-3)glucose(~1-4)glucose was considered (Fig. 70) . A portion of this material was hydrolysed in acid and chromatographed with solvent E ; only glucose and mannose were observed (not shown). Another portion was reduced with sodium borohydride and part of it was run in paper electrophoresis with buffer C, a system in which sorbitol substituted at position 3 does not migrate (Bourne et al., 1961) . Practically all the material reacting with the silver reagent (reduced trisaccharide VI) remained in the neutral area ( Fig. 7 b ) Fig. 7 . Partial acetolysis of acetan. A sample of the polysaccharide (50 mg) was acetolysed at 20 "C for 48 h, as described by Lawson & Symes (1977) . The neutral products, isolated by paper electrophoresis with buffer A as in Fig. 6 , were chromatographed with solvent D and located as in Fig. 5 . The trisaccharide [' 4C]mannose(al -3)glucose(fil-4)glucose was added as an internal standard. Prior to developing the sugars, the paper strip was scanned for radioactivity to locate this compound (a). The trisaccharide VI area was eluted and a sample of this material was borohydride-reduced and submitted to paper electrophoresis with buffer B (b). As above, the paper strip was scanned for radioactivity to locate In addition, trisaccharide VI was permethylated and hydrolysed with acid. TLC with solvent F of the products obtained showed the presence of 2,3,4,6-tetra-O-methylmannose, 2,3,4,6-tetra-O-methylglucose and 2,6-di-O-methylglucose (not shown).
Another sample of reduced trisaccharide V I was partially hydrolysed (0.1 M-HC~, 100 "C for 30 min) and chromatographed with solvent E. Four compounds were observed : undegraded trisaccharide, glucose, mannose and a 'disaccharide'. This latter material, upon paper electrophoresis with buffer C, produced two components : one behaved as cellobiitol (Rsorb = 0.33) and the other was neutral, as expected for mannose(1-3)sorbitol. These two compounds were the only disaccharides that could be released by partial acid hydrolysis of compound VI (Fig. 1) .
Hardly any material with the properties of the linear trisaccharide mannose(a1-3)glucose-(pl-4)glucose (compound VII, Fig. 1 ) was observed in this mild acetolysis experiment. For this reason, larger amounts of acetan (200 mg) were acetolysed as above (at 20 "C for 48 h). In this case, the neutral products were isolated by filtration through a Dowex A G 1-X4 (AcO-form) column, concentrated and paper chromatographed with solvent D. As in the previous experiment, in cim-synthesized [ 4C]mannose(crl -3)glucose(~l-4)glucose (7000 c.p.m.) was added as internal standard. Five bands were observed (detected as described in the legend to Fig. 5) . The slowest-moving band overlapped the radioactive area, and the next-faster one was in the disaccharide region. The remaining three bands co-chromatographed with glucose, mannose and rhamnose, respectively. The radioactive area was eluted, reduced with borohydride and the whole sample was analysed by paper electrophoresis with buffer C. As before, most of the material moved to the neutral area, but a clear band was detected (&orb = 0.24), coincident with the radioactive standard. Two other bands were also observed (&rb = 0.38 and 0.58, respectively), but not analysed further (not shown). The band of Rsorb = 0.24 (compound VII, Fig. l ), rechromatographed with solvent D, produced only one silver-reagent-positive component, which carried all the radioactivity from the internal [ 14C]mannose(al-3)glucose(/ll-4) sorbitol as expected.
With this material, the anomeric configuration of the mannose-glucose linkage was investigated by incubations with a-mannosidase. In order to trace the degradation products, borohydride-reduced [ 14C]glucose-labelled trisaccharide prepared in vitro was also added as an internal indicator of enzyme activity. Upon paper chromatography with solvent D, only mannose and cellobiitol were detected. The identity of the latter compound was confirmed by paper electrophoresis with buffer C. In this system maltitol moves faster = 0.53). From these results, the a-configuration for the mannose is proposed and the /l-1,4 bond for the glucoseglucose linkage in compound VII is confirmed.
DISCUSSION
The results presented indicate that A . xylinum NRRL B42 produces, in addition to cellulose, a complex exopolysaccharide for which we propose the name acetan. This polysaccharide has a structure that can be considered to be the result of the polymerization of the lipid-linked heptasaccharide synthesized in vitro by preparations of this organism (Couso et al., 1982) . The sugar composition (Table l) , as well as the partial degradation products of both acetan and heptasaccharide, are basically identical (Figs 5 and 6 ). It should be mentioned that rhamnosecontaining oligosaccharides could not be isolated (Fig. 1) due to the known lability of the deoxysugar glycosidic linkage (Elderfield, 1945) . Nevertheless, trimethylrhamnose was the only rhamnose derivative characterized after permethylation (Fig. 3) , indicating a terminal position, as in the heptasaccharide prepared in oitro (Fig. 1) . Similarly, the rhamnosyl( 1-6)glucose linkage was assigned by analogy to what was known for the heptasaccharide (Couso et al., 1982) , and in agreement with the characterization of 2,3,4,-tri-O-methylglucose among the perme t hylat ion products.
The configuration of the mannosyl(1-3)glucose linkage was investigated in some detail. In a previous paper (Couso et al., 1980) it was suggested that in the in vitro-synthesized trisaccharide mannose( 1 -3)glucose(/ll-4)glucose the mannose configuration was fi because, using a commercial preparation containing a-and /l-mannosidase activities and a partially purified amannosidase from Jack bean, the latter enzyme failed to liberate mannose. These experiments have now been repeated with a carefully checked a-mannosidase. The trisaccharide [ 4C]mannose(ct1 -3)glucose(~1-4)glucose, prepared in vitro with a X . campestris enzyme, was used as a control substrate (Ielpi et al., 1981) . The trisaccharide prepared in vitro with the A . xylinum enzyme (Couso et al., 1980) was degraded by the a-mannosidase at the same rate as the X . campestris trisaccharide. From these results, we now propose an a-configuration for the mannosyl-glucose linkage of the in uitro-prepared A. xylinum oligosaccharide. This interpretation is in agreement with the results described in this paper for the equivalent trisaccharide (compound VII, Fig. 1 ) obtained by mild acetolysis of acetan: a-mannosidase produced free mannose and the cellobiose derivative.
In a previous paper (Couso et al., 1982) , dealing with labelled heptasaccharide diphosphate prenol precursors synthesized in titro (tetra-and hexasaccharides), a 1,6 linkage was proposed for the glucuronic acid-mannose bond on the basis of lability to acetolysis (Kocourek & Ballou, 1969) and liberation of formic acid upon periodate oxidation. However, in recent experiments, carried out with carefully purified [ 14C]mannose-labelled hexasaccharide, prepared from the respective lipid derivative obtained in vitro, no production of [ I4C]formic acid was observed, ruling out a 1,6 linkage. To make this point clear, the [ 14C]mannose-labelled hexasaccharide was permethylated, and after acid hydrolysis and TLC with solvent G only 3,4,6-tri-O-methylmannose (RM = 0.55) was detected, indicating a 1,2 linkage. In this system, 2,3,4-tri-O-methylmannose (Rh, = 0-61) and the other two tri-0-methyl derivatives (2,3,6-and 2,4,6-tri-0methylmannose) run further (Chapman et al., 1979) . On the other hand, the lability to acetolysis of the glucuronic acid-mannose linkage was confirmed. This lability, hitherto considered to be characteristic of 1,6 bonds (Kocourek & Ballou, 1969) , was in agreement with results reported for xanthan gum, in which the glucuronic acid(P1-2)mannose linkage is also easily split by this degradation technique (Lawson & Symes, 1977) .
Partial acetolysis of acetan also led to the isolation and identification of the branched trisaccharide glucose(~l-4)[mannose(a 1 -3)lglucose (trisaccharide VI , Figs 1 and 7) , a compound that had not been previously isolated from the in vitro-prepared heptasaccharide diphosphate prenol degradation products. The interpretation of this result is simple: the branching arises as a consequence of the polymerization process in which the first glucose of a heptasaccharide repeating unit is bound to the second glucose of another repeating unit, creating a new P-1,4 bond. Obviously, this branch is not present in the heptasaccharide precursor (Fig. 1) .
A similar process has been observed in the biosynthesis of xanthan gum, in which the lipidlinked pentasaccharide is polymerized at the level of the second glucose, creating a P-1,4-glucan main chain with trisaccharide branches every two glucoses, as mentioned above. The similarity of acetan to xanthan gum is such that the first four sugars and linkages of both repeating units are identical (Figs 1 and 2 ). X-ray analysis of acetan fibres also reveals a structure strikingly similar to that of xanthan gum (E. Smolko, unpublished observations) .
Xanthan gum contains also non-glycosidic substituents such as acetyl and pyruvate ketal (Jansson et al., 1975 ; Melton et al., 1976) . For acetan, only one or two acetyl residues per repeat unit were detected but their position was not determined. Other substituents such as succinate, formate, pyruvate ketal or methyl residues were not found.
In addition to cellulose, several other exopolysaccharides have been reported to be produced by different A . xylinum strains: a-glucans (Dekker et al., 1977) , P-glucans (Colvin et al., 1979; Sandermann & Dekker, 1979; Amemura et al., 1985) and a complex non-cellulosic polysaccharide containing glucose, mannose, rhamnose and glucuronic acid in a molar ratio 3 : 1 : 1 : 1, the latter being released by a cellulose-negative strain (Valla & Kjosbakken, 1981) . The same sugars, but in a different ratio, 2-8 : 1 :2 :2, are present in an acidic polysaccharide recently described in two strains of A . xylinum (Amemura et al., 1985) . The isolation of a noncellulose-producing Acetobacter sp. that liberates a polysaccharide containing glucose, galactose, mannose and glucuronic acid in an approximate molar ratio of 6 : 2 : 1 : 1 has also been reported (Minakami et al., 1984) .
Not all the tested strains of A . xylinum produce acetan. Furthermore, the available evidence indicates a direct correlation between acetan production and in vitro synthesis of lipid-linked heptasaccharide, reinforcing the role of precursor assigned to the latter (N. I. de Iannino & M. Dan kert, unpublished). This paper is dedicated to Dr Luis F. Leloir on the occasion of his 80th birthday. The authors gratefully acknowledge Dr Leloir and other members of the Institute for continuous advice and criticism. Drs R. Ugalde, R. Wolosiuk and Nora Inon de Iannino are specially thanked for reading this manuscript, and Susana Raffo and Marta Bravo for the excellent technical assistance in the preparation of labelled sugar nucleotides. The authors also wish to express their gratitude to Dr Eduardo Gros from the Department of Organic Chemistry, School of Science, University of Buenos Aires, for carrying out the gas chromatography and mass spectrometry analyses. M. A. D. is a Career Investigator of the Consejo Nacional de Investigaciones Cientificas y Tecnicas (Argentina). 
